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1.
Smooting Newton [1, 2, 3],





[1] , $- \Delta u+\max(0, q(u))=\varphi(s, t)$ 2 $\Omega$ Dirichlet








$F(x):=Ax+b+ \max(0, g(x))=0$ (1)
, $A\in R^{n\mathrm{x}n}$ L , $b\in R^{n}$ , $g:R^{n}arrow R^{n}$
,
$(g(x)-g(y))^{T}\cdot(x-y)\geq 0$ $(\forall x, y\in R^{n})$
. , $n$ $A=(a_{\dot{\iota}j})$ $a_{ij}\leq 0(i\neq j)$ , $a::>0(1\leq i\leq n)$
, $A$ $L$- . , $A$ , $x\in\Omega$
$x^{T}Ax\geq 0$ .
(1 , [5] MHD , 2
Dirichlet
.
$- \triangle u+\max(0, q(u))=\varphi(s, t)$ in $\Omega$ , (2)
$u=\psi(s, t)$ on $\partial\Omega$ (3)





, Smoothing Newton ( $|_{\sqrt}\mathrm{a}$ [1, 2, 3].
$\rho$ : $Rarrow R_{+}:=\{s\in R|s\geq 0\}$ ,
$\kappa=\int_{-\infty}^{\infty}|s|\rho(s)ds<\infty$ (4)
. , (1) $F=(F_{1}(x), \ldots, F_{n}(x))^{T}$
Chen-Mangasarian : $f(x, \epsilon)=(f_{1}(x, \epsilon),$ $\ldots,$ $f_{n}(x, \epsilon))^{T}$ ,
$f_{i}(x, \epsilon)=(Ax+b)_{i}+\int_{-\infty}^{\infty}\max(0, g_{i}(x)-\epsilon s)\rho(s)ds$ , $i=1,$ $\ldots,$ $n$ (5)
. , $i$ $i$ . , .
1 $R_{++}:=\{s\in R|s>0\}$ . (5) $f$ : $R^{n}\cross R_{++}arrow R^{n}$
, 4 .
(i) $(.x, \epsilon)\in R^{n}\cross R_{++}$ ,
$|F_{i}(x)-f_{i}(x, \epsilon)|\leq\kappa\epsilon$ , $i=1,2,$ $\ldots,$ $n$ (6)
.
(ii) $fl$’J $x$ , $(x, \epsilon)\in R^{n}$ $\cross$ R ,
$f_{x}(x, \epsilon)=A+D(x)g’(x)$ (7)
. , $D(x)$ ,
$D_{ii}(x)= \int_{-\infty}^{-g:(x)/\epsilon}\rho(s)ds$ , $i=1,2,$ $\ldots,$ $n$
, $g’(x)$ $g(x)$ ( ) .
(iii) $x\in R^{n}$ ,
$\lim_{\epsilon\downarrow 0}f_{x}(x, \epsilon)=f^{0}(x)$ (8)





(iv) $x\in R^{n}$ , . , $||\cdot||$
.
$\lim_{harrow 0}\frac{F(x+h)-F(x)-f^{0}(x+h)\prime h}{||h||}=0$ (9)
63
, Smoothing Newton ( , .
1 $\rho,\hat{\alpha},$ $\eta\in(0,1)$ , $x^{0}\in R^{n}$ $\sigma\in(0, (1-\alpha)/2)$ ,
$\nu=\alpha/(2\sqrt{n}\kappa),$ $\beta_{0}=||F(x^{0})||,$ $\epsilon_{0}=\nu\beta_{0}$ . , $k\geq 0$ ,
.
Step 1(Newton Like )
$F(x^{k})+f^{0}(x^{k})d=0$ $\hat{d}^{k}$ . , $||F(x^{k}+\hat{d}^{k})||\leq$
$\eta\beta_{k}$ $x^{k+1}=x^{k}+\hat{d}^{k}$ , [y Step 2 .
Step 2(Smoothing Line Seach)
$F(x^{k})+f_{x}(x^{k}, \epsilon_{k})d=0$ $d^{k}$ . , $\Theta(x)=||F(x)||^{2}/2$ ,
$\theta_{k}(x)=||f(x, \epsilon_{k})||^{2}/2$ ,
$\theta_{k}(x^{k}+\rho^{m}d^{k})-\theta_{k}(x^{k})\leq-2\sigma\rho^{m}\ominus(x^{k})$
$m=m_{k}$ , $t_{k}=\rho^{m_{k}}$ , $x^{k+1}=x^{k}+t_{k}d^{k}$
.
Step 3( )
(a) $||F(x^{k+1})||=0$ , .
(b) $0<||F(x^{k+1})|| \leq\max\{\eta\beta_{k}, \alpha^{-1}||F(x^{k+1})-f(x^{k+1}, \epsilon_{k})||\}$ , $\beta_{k+1}=$
$||F(x^{k+1})||$ 51 $\epsilon_{k+1}=\min\{\nu\beta_{k+1}, \epsilon_{k}/2\}$ , Step 1 .
(c) $\beta_{k+1}=\beta_{k},$ $\epsilon_{k+1}=\epsilon_{k}$ , Step 1 .
$F$ level $D(\Gamma)=\{x\in R^{n}|||F(x)||\leq\Gamma\}$ . , 2
[1].




2 (1) $x^{*}$ , $\{x^{k}\}$ $x^{*}$ . , $g$ $x^{*}$
Lipschitz , .
, $g$ , .
4.
(1), (2) , Shortley-Weller ( $\Delta u$ 5
) [4] .
$P=(s, t)$ $\Omega$ , $h,$ $k$ $s$ $t$ , $P_{ij}=$
$(s_{j}, t_{j})=(ih,jk)$ , $U_{ij},$ $u_{jj}$ , $P_{ij}$ $U$
ffi’‘. $u$ . , $C>1$ $D_{C}:=\{P\in\Omega|$
dist(P, $\partial\Omega$ ) $<C$ $\mathrm{n}(h, k)\}$ , $[1, 6]$ .
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$- \triangle u+a\max(0,u)=\varphi(s, t)$ in $\Omega=[0,1]\cross[0_{-}1]$ ,
$u=\psi(s,t)$ on $\partial\Omega$
2 . , $a>0$ .
1. ( [1]) $a=1$ ,
$(36\pi^{2}(s^{2}+t^{2})+a)\sin(6\pi st)$ , $0<st<1/6$
$\varphi(s, t)=\{$
or $1/3<st<1/2$ or $2/3<st<5/6$ ,
$36\pi^{2}(s^{2}+t^{2})\sin(6\pi st)$ , ,
$\psi(s, t)=\sin(6.\pi st)$ . ,
$u=\sin(6\pi st)$
.










(a) 1 (b) 2
1:
1 , . , Smoothing Newton
, 3 $[1, 3]$ .
(S1) $\rho(s)=\frac{e^{-s}}{(1+e^{-s})^{2}}$ , (S2) $\rho(s)=,\frac{2}{(s^{2}+4)^{\frac{3}{2}}}$ , (S3) $\rho(s)=\{$
1 $(|s|\leq 0.5)$
0( )
, 2 $h=k$ ,






$x^{0}=(1,1, \ldots, 1)$ , $\rho=0.75$ , $\alpha=0.56$ , $\eta=0.87$ , $\sigma=0.2$
, $||F(x^{k+1})||\leq 10^{-8}(\forall k)$ . , Step2
.
$\backslash$
1 2 , 2 $||x^{k}-\overline{x}||$ .
$|_{\vee},$





Sl $0.18\cross 10^{0},3$ $0.92\cross 10^{-1},3$ 0.61 $\cross 10^{-1},3$
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1: 1 $||x^{k}-\overline{x}||$
$h$ 1/50 1/1001/150
Sl 070 $\cross 10^{-3},2$ $0.35\cross 10^{-3},3$ $0.23\cross 10^{-3},3$
S2 070 $\cross 10^{-3},2$ $0.35\cross 10^{-3},3$ $0.23\cross 10^{-3},3$
S3 070 $\cross 10^{-3}$ 2 $0.35\cross 10^{-3}$ 3 0.23 $\cross 10^{-3}$ 3
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2: 2 $||x^{k}-\overline{x}||$
$d$ $\backslash \backslash /$ $\backslash \grave{\nearrow}$ $=- 1$
/100 1/150
$0.70\cross 10^{-3}$ , 2 .35\cross 10^{-3}$ , 3 .23\cross 10^{-3}$ , 3
$0.70\cross 10^{-3}$ , 2 $0.35\cross 10^{-3}$ , 3 .23\cross 10^{-3}$ , 3







( , $B_{error}$ $:= \max_{P_{ij}\in D_{C}}|u_{ij}-U_{ij}|$ $I_{error}$ $:= \max_{P_{ij}\in\Omega/D_{C}}|u_{ij}-U_{ij}|$ .
, $C$ $1<C<1.5$ , $U_{ij}$
. , $I_{error}/h^{l}(l=2,3)$ $B_{error}/h^{l}$
$(l=2, \ldots, 3)$ , 3 6 .
, $O(h^{2})$ , $O(h^{3})$
67
. , 1 2 ,
,
.
(a) $l=2$ (b) $l=3$ (c) $B_{err\sigma r}$
3: 1( 1) [ $B_{etrot}/h^{l}$ , I, /hl
(a) $\mathit{1}=2$ (b) $\mathit{1}=3$ (c) $B_{error}$
4: 1( 2) $\}$ $B_{erro\mathrm{r}}/h^{l},$ $I_{error}/h^{l}$
(a) $l=2$ (b) $l=3$ (c) $B_{err\sigma r}$
5: 2( 1) $t$} Bef’ /hl, $I_{error}/h^{l}$
68
(a) $l=2$ (b) $l=3$ (c) $B_{error}$
6: 2( 2) { Berr /hl, $I_{error}/h^{l}$
, 7 , Sl 1( $h=k=.1/100$)
$|u_{ij}-U_{ij}|$ . S2, S3






. , Shortley-Weller $|_{j}$ $\mathrm{a}$ ,
Smoothing Newton ,
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